Energy of a spherically symmetric charged dilaton black hole 
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The energy associated with a static and spherically symmetric charged dilaton black 
hole is obtained for arbitrary value of the coupling parameter (which regulates 
the strength of the coupling of the dilaton to the Maxwell field) (3. The energy 
distribution depends on (3, whereas the total energy is independent of this and is 
given by the mass parameter of the black hole. 



In recent years there is considerable interest in obtaining charged dilaton black 
hole solutions and investigating their properties [1 — 6]. Garfinkle, Horowitz, and 
Strominger (GHS) [1] considered the action 
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and obtained a nice form of static and spherically symmetric charged dilaton black 
hole solution [1,2], given by the line element 
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and the component of the electromagnetic field tensor 
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r + and r_ are related through 

2M = r+ + a r_, 

g 2 (l + /3 2 ) = r + r_ . (8) 

M and Q stand for mass and charge parameters, respectively. The surface r = r + is 
the event horizon. (3 is a dimensionless free parameter which controls the coupling 
between the dilaton and the Maxwell fields. A change in the sign of (3 is the same 
as a change in the sign of the dilaton field. Therefore, it is sufficient to discuss only 
nonnegative values of (3. (3 = in GHS solution gives the well known Reissner- 
Nordstrom (RN) solution. 

It is known that several properties of charged dilaton black holes depend crucially 
on the coupling parameter (3 [2 — 6] . Recently one of the present authors and Parikh 
7] obtained the energy of a static and spherically symmetric charged dilaton black 
role for f3 — 1. They found that, similar to the case of the Schwarzschild black hole 
and unlike the RN black hole, the entire energy is confined to the interior of the black 
hole. It is of interest to investigate the energy associated with charged dilaton black 
holes for arbitrary value of (3 to see what the energy distribution is for (3 < 1 as well 
as (3 > 1 and whether or not the energy is confined to the black hole interior for any 
other value of (3. 

The well known energy-momentum pseudotensor of Einstein is [8] 

e * fe = rL^< > ( 9 ) 

where 

„ kl = Jir^ I" ( g kn g lm _ In kmX\ _ qq) 

Latin indices run from to 3. x° is the time coordinate. The energy and momen- 
tum components are 

Pi = ^j j I dxUx 2 dx\ (11) 

where the Greek index a takes values from 1 to 3. P$ and P a stand, respectively, for 
the energy (say E) and momentum components. 

It is known that the energy-momentum pseudotensors, for obtaining the energy 
and momentum associated with asymptotically flat spacetimes, give the correct result 
if calculations are carried out in quasi-cartesian coordinates ( those coordinates in 
which the metric approaches the Minkowski metric 77^ at large distance ) [8 — 
9]. Transforming the line element (2) to quasi-cartesian coordinates t,x,y,z(x = 
r sin 9 cos 0, y = r sin 9 sin 0, z = r cos 9) one gets 

j^— 1 jj 

ds 2 = Bdt 2 - D(dx 2 + dy 2 + dz 2 ) (xdx + ydy + zdzf . (12) 



To obtain the energy the required components of H i are 
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#o° 3 = -[r(ar^ + r + )-ar^r + ]. (13) 



By using (13) with (8) in (11), applying the Gauss theorem, and then evaluating the 
integral over the surface of a sphere of radius r, one gets 



E(r) = M - ^ (l - /3 2 ) . (14) 

Thus one finds that the energy distribution depends on the value of the coupling 
parameter (3. The energy is confined to its interior only for (3 = 1 and for all other 
values of (3 the energy is shared by the interior and exterior of the black hole. (3 = 
in (14) gives the energy distribution in the RN field (see also ref. [9]). E(r) increases 
with radial distance for (3 = (RN spacetime) as well as < 1, decreases for [3 > 1, 
and remains constant for (3 = 1. However, the total energy (r approaching infinity in 
(14)) is independent of (3 and is given by the mass parameter of the black hole. The 
details of the present contribution will be published elsewhere. 
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